Using the spectroscopic catalogue of the Sloan Digital Survey Data Release 10 (SDSS DR10), we have explored the abundance of satellites around a sample of 307 massive (M ⋆ 10 11 M ⊙ ) local (z < 0.025) galaxies. We have divided our sample into 4 morphological groups (E, S0, Sa, Sb/c). We find that the number of satellites with M ⋆ 10 9 M ⊙ and R<300 kpc depends drastically on the morphology of the central galaxy. The average number of satellites per galaxy host (N Sat /N Host ) down to a mass ratio of 1:100 is: 5.5 ± 1.0 for E hosts, 2.7 ± 0.4 for S0, 1.4 ± 0.3 for Sa and 1.2 ± 0.3 for Sb/c. The amount of stellar mass enclosed by the satellites around massive E-type galaxies is a factor of 2, 4, and 6 larger than the mass in the satellites of S0, Sa and Sb/c-types, respectively. If these satellites would eventually infall into the host galaxies, for all the morphological types, the merger channel will be largely dominated by satellites with a mass ratio satellite-host µ <0.1. The fact that massive elliptical galaxies have a significant larger number of satellites than massive spirals could point out that elliptical galaxies inhabit heavier dark matter halos than equally massive galaxies with later morphological types. If this hypothesis is correct, the dark matter halos of late-type spiral galaxies are a factor ∼3 more efficient on producing galaxies with the same stellar mass than those dark matter halos of massive ellipticals.
INTRODUCTION
Galaxy mergers have been raised in the last years as the most likely channel of size and mass growth of massive (M ⋆ 10 11 M ⊙ ) galaxies through cosmic time. Numerous observational and theoretical studies support this mode of growth, a mechanism that has increased the size and mass of the massive galaxies during the last ∼11 Gyr. In this scenario, the ancestors of the presentday most massive galaxies created the bulk of their mass in a short but very intense starburst event at z 2 (e.g. Kereš et al. 2005; Dekel et al. 2009; Oser et al. 2010; Ricciardelli et al. 2010; Wuyts et al. 2010; Bournaud et al. 2011) having, in that first evolutionary stage, a structure more compact. Later, a progressive process of mergers with satellites produced the envelopes that we see today surrounding these galaxies (Khochfar & Silk 2006; Oser et al. 2010; Feldmann et al. 2011) . Many works support the above scheme, finding evidences for a continuous size evolution of the massive galaxies since z∼3 (e.g. Trujillo et al. 2007; Buitrago et al. 2008 ) mainly produced by the formation of the outer most regions (e.g. Bezanson et al. 2009; Hopkins et al. 2009a ;
⋆ E-mail: ruihern@gmail.com van Dokkum et al. 2010; Carrasco et al. 2010 ). In addition, other authors have found that the average velocity dispersion of the massive galaxies have decreased mildly since z∼2 as expected theoretically from the galaxy merger scenario (e.g ). Other observations point out that this size evolution of the massive galaxies does not depend on the age of the stellar population (Trujillo et al. 2011 ) nor on their intrinsic sizes (Díaz-García et al. 2013 ). This suggests a growth engine external to the galaxy properties. The absence of a significant number of relic galaxies in the nearby Universe also favors a merging scenario (e.g. Trujillo et al. 2009; Taylor et al. 2010; Trujillo et al. 2014) .
The above merging scenario can be alternatively probed measuring the satellite abundances around massive galaxies as cosmic time flows (e.g. Newman et al. 2012) . There are many works that have studied in detail the properties of the satellite galaxies over time (Jackson et al. 2010; Nierenberg et al. 2011; Man et al. 2012; Newman et al. 2012; Mármol-Queraltó et al. 2012; Nierenberg et al. 2013; Mármol-Queraltó et al. 2013; Huertas-Company et al. 2013; Ferreras et al. 2014 ). In particular, Mármol-Queraltó et al. (2012) found that the fraction of massive galaxies with satellites of a given mass ratio (1:100 up to z=1 and 1:10 up to z=2) has remained constant with time. A behaviour c 2015 RAS which is in qualitative good agreement with semianalytical predictions based on the Λ Cold Dark Matter (ΛCDM) model (Quilis & Trujillo 2012) . However, the semianalytical models over-predict the fraction of massive galaxies with satellites down to 1:100 mass ratio by a factor of ∼2.
Parameters such as the abundance of satellites, their distribution or their intrinsic properties are intimately bound up with their host merger histories. These properties are thus, closely related to the underlying cosmology and they can be used to establish useful constrains to the models. The colours and structural properties of the host galaxies can be modified by gravitational interactions with their satellites. The main goal of this work is to analyse the relation between the abundance of satellites and the host morphology in a sample of nearby massive (∼10 11 M ⊙ ) galaxies. We segregate our sample of galaxies in 4 groups which are representative of different structural configurations. Our morphological classification identifies visually the groups E, S0, Sa and Sb/c to explore the correlation between the number of satellites and the morphology of the host. Our approach differs from previous studies based on colours (Wang & White 2012) , or those based on more general grouping (e.g. early-late-or spheroid-disc-like) of the massive galaxies (e.g. Mármol-Queraltó et al. 2012) .
Our samples of massive galaxies could be used in future works to test the ΛCDM predictions about the number of satellites surrounding the most massive galaxies in the present-day Universe (see for instance Liu et al. 2011; Wang & White 2012) according to their morphology. Our study also allow us to explore which is the most likely merging channel of present-day massive galaxies, i.e. which type of satellites contribute most to the mass increase of their host galaxies in case they eventually merge with its main object. Consequently, this local study, along with other works at higher z (see e.g. Ferreras et al. 2014) , allow us to explore whether that merging channel has changed with time and its dependence with the host morphology. This paper is structured as follows. In Section 2, we describe our sample of hosts and satellite galaxies, their completeness and their stellar mass estimates. Section 3 explains the satellite selection criteria and the methods used to clean our sample from background and clustering contaminantion. Our results concerning the satellite abundances of the distinct samples are presented in Section 4. Section 5 discusses the main results of this paper and finally our work is summarized in Section 6. Hereafter, we assume a cosmology with Ω m = 0.3, Ω Λ = 0.7 and H 0 = 70 km s −1 Mpc −1 .
THE DATA
In this paper, we use the 'specphoto' spectroscopic catalogue of SDSS DR10 (Ahn et al. 2014) to explore the abundance of satellites around a sample of massive galaxies in the nearby Universe (z≤0.025). The spectroscopic completeness of this catalogue is 90 per cent down to r=17.7 magnitudes. The catalogue includes a total of 1507954 BOSS spectra comprising 927844 galaxy spectra, 182009 quasar spectra, and 159327 stellar spectra selected over 6373.2 deg 2 . We select those objects labeled as 'GALAXY' within the data set 'specphoto'. This subset only has galaxies where the 'SpecObj' is a 'sciencePrimary' object, and the BEST PhotoObj is a PRIMARY.
We structure this section as follows: first, we show the procedure to estimate the stellar masses of the galaxies of the catalogue. Then, we describe the selection of our host galaxies, the catalogue of potential satellites and finally, we study the completeness of our satellite population.
The stellar mass estimation
One of the goals of this work is to analyse the abundance of satellites as a function of the mass ratio satellite-host. To estimate the stellar masses, we use the Bell et al. (2003) 's recipe, assuming a Kroupa (2001) Initial Mass Function (IMF) . We take the 'modelMag' g and r band magnitudes from the 'specphoto' SDSS DR10 catalogue once they have been corrected from Galactic extinction (Schlegel et al. 1998) . Then, we estimate the mass-to-light (M/L) ratio from the rest frame g-r colour, being the M/L ratio estimated in the r band as follows:
where a r = −0.306 and b r = 1.097 are the coefficients applied for determining the M/L ratio in the r band and 0.15 is subtracted to match the results to a Kroupa IMF.
Using these computed (M/L) r , we can directly estimate the stellar masses using the next relationship:
where M r is the absolute magnitude of the galaxy and M ⊙,r =4.68 the absolute magnitude of the Sun in the SDSS r band. Given that our study is focused on objects at very low redshift, we do not apply K-corrections to the above g and r magnitudes since it will not affect significantly our mass estimates. In fact, the expected values for K-corrections at z<0.025 are typically below ∼1 per cent relative to calibration errors found for g and r filters in the photometry of SDSS DR10 (Padmanabhan et al. 2008) .
To test how reliable our stellar mass estimates based on colours are, we have compared our stellar masses with those from Nair & Abraham (2010) based on Kauffmann et al. (2003) . This comparison can be done only for a subset of the galaxies in our catalogue. As the result of this comparison we find a bias of 0.2 dex (being the Nair & Abraham (2010) smaller) with a typical uncertainty of 0.1 dex among the two stellar mass estimators. On what follows, we take that uncertainity as representative of our error estimation of the stellar mass. The above bias is not surprising taking into account the different methodologies and stellar population models used in both estimates of the stellar mass.
The sample of host galaxies
Using the available data, we estimate the stellar mass of our galaxies as we explained above (section 2.1). To build our sample of massive host galaxies, we select only the galaxies with M ⋆ 10 11 M ⊙ . We limit our sample to galaxies with z<0.025 (i.e. at a distance 100 Mpc). The average apparent r band magnitude of our host galaxies is r∼13 mag. This implies, taking into account the spectroscopic completeness limit of our catalogue, that we can identify potential satellites with stellar masses 100 times less massive than their hosts. We have discarded massive hosts whose M/L (as computed by their g-r colour) were unreasonable (i.e. out of the interval 0.1< log(M/L) r <4) and those ones with large photometric errors. The percentage of massive galaxies discarded by these reasons was 5 per cent. We also check visually our sample of massive galaxies to reject objects wrongly labeled as galaxies as well as those ones in clear interaction with another galaxy. Finally, to avoid incompleteness in the number of satellites due to area coverage, 27 massive galaxies were additionally discarded due to their proximity to the edge of the SDSS DR10 spectroscopic footprint. Our final sample is composed of 307 massive galaxies.
The main goal of this work is to study the local abundance of satellites as a function of the morphological type of the massive hosts. Unlike other studies whose separation is based on colours, we do our own visual classification based on the Hubble classification using the SDSS DR10 images. We find 107 E-type, 48 S0-type, 92 Sa-type and 60 Sb/c-type galaxies. Figure 1 illustrates some of our host galaxies. Our visual classification is compared with the one done by Nair & Abraham (2010) for 134 massive galaxies we have in common. We find an agreement of 80 per cent.
The sample of satellite galaxies
To select our sample of potential satellites, we also use the 'specphoto' catalogue of SDSS DR10. Our satellites are those galaxies in the catalogue which fulfill the proximity criteria (i.e. projected distance to the hosts) and stellar mass criteria that we will explain in the next section (section 3).
On building our sample of satellites, we have to prevent the inclusion of objects with deficient measurement of its colour because this would lead to a wrong estimate of its stellar mass. To conduct this task, we need to account for the photometric errors both in g and r bands to assure the colour is measured with enough confidence. For this reason, in addition to the magnitude limit in the r band we have used above, we also demand that the photometric error at estimating the number counts of each galaxy will be less than 5σ the expected error at measuring their number counts. In other words, acceptable photometric error for each object for us are those whose error(counts) is 5×sqrt(counts+σ 2 sky ), with σ sky the uncertainty (in counts) at measuring the sky value in each band. We find as typical values for the sky in the SDSS images 24.88 counts (g-band) and 23.96 counts (r-band). We have used the following set of equations to transform our magnitudes and error(mag) provided by the catalogues into counts and error(counts): mag = −2.5 log counts exptime 10 0.4(aa+kk×airmass)
error(mag) = 2.5 ln 10
with exptime=53.907 seconds and aa, kk and airmass provided for each object, being aa and kk the values of the zeropoint and the extinction coefficient respectively. Those galaxies in our catalogue which show a photometric error larger than those values (in any of the two bands) are discarded from the analysis since these ones could be linked to artifacts in the image, proximity to bright nearby companions, etc. We have estimated the number of galaxies rejected because of large photometric errors, finding that less than 0.5 per cent of the objects are discarded, a reasonable result since these objects are relatively bright.
The completeness of the satellite sample
Once the stellar masses of the galaxies of our catalogue are determined, we can estimate down to which stellar mass the catalogue is complete. The stellar mass limit for completeness is a function of the redshift (see Figure 2) . To explore the degree of completeness of satellites down to M ⋆ ∼10 9 M ⊙ , we have used our most distant redshift interval 0.023<z<0.025. The peak on the mass distribution of the galaxies in the catalogue at z∼0.024 is log(M ⋆ /M ⊙ )∼ 8.95. If we now take into account that the minimum stellar mass that we have fixed for our hosts (log(M ⋆ /M ⊙ )∼11.0), we should be able to study with completeness satellites whose M Sat /M Host 0.01.
However, it is worth noting that there is a potential bias to miss the oldest satellites at a fixed stellar mass. This is because the catalogue is complete in redshift down to a given apparent r band magnitude (r∼17.7). That value translates into the following absolute magnitude for the sample at z=0.025: M r =-17.65 mag. To transform this absolute magnitude into a stellar mass limit we need to have an estimation of the stellar M/L ratio of our satellites. To do this, we assume a conservative age for the less massive galaxies of 10 Gyr. Using the MIUSCAT SEDs developed by Vazdekis et al. (2012) and Ricciardelli et al. (2012) , a solar metallicity and a Kroupa IMF, the (M/L) r ratio for these objects is around 3. This translates into the following stellar mass: log(M ⋆ /M ⊙ )∼9.41 (i.e. a mass ratio satellite-host of 1:40). On what follows, we will consider this value as the most conservative mass completeness limit of our satellite galaxies.
SATELLITE SELECTION CRITERIA
Our criteria to search for potential satellites around the host sample is based on the next three steps:
• we detect all the galaxies in the 'specphoto' SDSS DR10 catalogue which are within a projected radial distance to our central galaxies of R=300 kpc. We only consider host galaxies such as the area enclosed by the search radius of satellites is fully contained within the catalogue borders. As we mentioned above, 27 hosts were discarded due to their proximity to the catalogue border. Our adopted search radius of 300 kpc is a compromise between having a large area for finding a significant number of satellite candidates gravitationally bound to our central massive galaxies but not as large as to be severely contaminated by background and foreground objects (see section 3.1). Left panel: the points in grey correspond to stellar mass distribution versus redshift for all the galaxies in the 'specphoto' SDSS DR10 catalogue. The pink points represent our sample of massive host galaxies. The black points indicate those objects in the right panel within the redshift (0.023<z<0.025) used to estimate the stellar mass completeness. Right panel: stellar mass distribution for the spectroscopic catalogue in the redshift interval 0.023<z<0.025. The red dashed line is the completeness limit ∼8.9×10 8 M ⊙ whereas the blue line represents the minimum stellar mass for the sample of massive galaxies (10 11 M ⊙ ). A conservative estimation for the stellar mass completeness of the spectroscopic sample is showed by the orange dashed line: ∼2.6×10 9 M ⊙ (see text for details).
• the absolute difference between satellite redshifts and the redshift of the central galaxies must be lower than 1000 km s −1 . This value has been used before in the literature to select gravitationally bound satellites of massive galaxies, see e.g. Wang & White (2012) ; Ruiz et al. (2014) . The velocity distribution of the galaxies around the massive host galaxies selected that way is close to gaussian shape with a dispersion of 300 km s −1 . Consequently, our criteria encloses the vast majority of satellites around the massive galaxies.
• the mass ratio between our host massive galaxy and the satellite should be above 1:100.
Those objects which fulfill the above criteria are counted as potential satellites of their hosts. The number of satellites observed around a host sample is defined as N Obs . Before showing our results, we will address the potential biases that can affect our counting of satellites around the massive hosts.
Background correction
Despite we have used spectroscopic redshift information to select our potential satellite galaxies, there is still a fraction of objects that satisfy all the above criteria but are not gravitationally bound to our massive galaxies. These objects are counted as satellites because the uncertainties on their redshift estimates include them within our searching redshift range. These foreground and background objects (hereafter we will use the term background to refer to both of them) constitute an important source of uncertainty in this kind of studies. Consequently, it is key to estimate accurately the background contamination in order to statistically subtract its contribution from the number of galaxies hosting satellites.
To estimate the typical number of background objects that contaminates our satellite samples, we have developed a set of simulations. The procedure consists on placing a number of mock galaxies (equal to the number of our host galaxies) randomly through the volume of the catalogue conserving their original values in the stellar mass and redshift of the sample of massive galaxies. Once we have placed our mock galaxies through the catalogue, we count which number of these galaxies have fake satellites around them taking into account the criteria of stellar mass, redshift and distance explained in the above section. This procedure is repeated 2000 times to have a robust estimate of the number of 'satellites' around the mock host galaxies. We define this average number as N S . Then, being N Obs the number of observed satellite galaxies around either of our host massive galaxies, we correct statistically its excess substracting the number of satellites representative of the background (N S ), such as it is shown in the equation below (equation 5). By construction, N S is independent on the morphology of the host.
To take into account that the environment density and the morphology are linked for massive nearby galaxies, we also compute a clustering correction as explained in the following section.
Clustering correction
At low redshift the over density regions are specially populated by massive galaxies. It is worth therefore exploring whether our background correction is representative of the contamination of sources surrounding our host galaxies or whether it is necessary to compute the excess of probability of finding 'satellites' in these environments. We term this as clustering.
Being the clustering an effect associated to the region surrounding the hosts, ideally one would like to measure its influence as closer as possible to the host. In practice, this is done by measuring the amount of satellite candidates in different annuli beyond our search radius (Chen et al. 2006; Liu et al. 2011; Mármol-Queraltó et al. 2012; Ruiz et al. 2014) . We denote N C as the number of 'satellite' galaxies placed in these annuli which fulfill our selection criteria for each morphological host type. N C is a measurement of the background contamination plus the excess over this background caused by the clustering. This method has the disadvantage, compared to the simulations that we have conducted above, that is statistically more uncertain since N C can be measured only around our massive galaxies and this number is relatively small.
To quantify the effect of the clustering, we count the number N C of satellites observed in annuli between 500-600 kpc which fulfill our selection criteria. The size of each annuli has the same area that our main exploration area around the hosts, (i.e. π (300 kpc)
2 ). As it was done in the above section, we substract N C to the number of observed satellites N Obs to correct for the statistic excess given by the clustering in the sample of observed satellites. In other words:
The radial range 500-600 kpc for determining the clustering is a compromise among having a local measurement of the environment around our massive host galaxies but being far away enough such as the probability of finding a gravitationally bounded satellite to our targeted galaxy will be low. The projected radial distance of 500 kpc is chosen following many works in the literature (e.g. Ruiz et al. 2014) which have used only galaxies with radial distances lower than 500 kpc to define their sample of truly (i.e. bounded) satellite galaxies.
RESULTS

Cumulative number of satellites per galaxy host
The abundance of satellites is quantified using the number of satellites per number of massive galaxies N Sat /N Host down to a mass ratio satellite-host of 1:100. The results are shown in the left panel of the Figure 3 and Table 1 . In addition to explore our satellites in a search radius of 300 kpc, we repeat the same excersize using a 100 kpc radius to compare with previous results in the literature.
The N Sat /N Host values have been corrected from contaminants by subtracting to N Obs the quantities N S and N C found in the background simulation and in our estimates of clustering, respectively. As we can see in Table 1 , the background contaminantion is very low since our work uses spectroscopic redshifts. According to that table, the maximum contamination expected by the background is ∼0.1 satellites per galaxy host. The ratios N S /N Host and N C /N Host in Table 1 show that the background contamination is, as expected, quite independent on the morphological type. However, if we compare the typical number of fake satellites due to clustering (N C /N Host ), we see significant differences. By far, the host galaxies that are more likely affected by contaminants are the E-type. On one hand, we have to take into account that the massive Sb/c-types are not usually expected to be into the clusters. Thus, if we compare both N S /N Host and N C /N Host around the massive Sb/c-types, we find a factor 6 larger contamination due to clustering than due to background. In contrast, this ratio increases dramatically up to ∼20 times for the elliptical hosts. S0 and Sa-types show a ratio of ∼7-8 and ∼6-7, respectively, a factor similar to the one found around Sb/c-types. It is remarkable that the density of objects at assessing the clustering and the background contaminant around the Sb/c-types, although close, are not similars. All this indicates that these massive galaxies are inmersed in an environment similar to the samples of S0 and Sa and therefore, they are not completely isolated.
Focusing on the satellite abundances, we find that the number of satellites found per galaxy host is 1.5-2.1 when we explore satellites down to a mass ratio 1:10 around massive elliptical galaxies. If we increase that range of mass ratio down to 1:100, we find 4.6-6.6. The rest of host samples show different values with less number of satellites than in the E-host case. The more extreme case is found at comparing with the massives Sb/c-type, their number of satellites per galaxy host grows between 0.23-0.40 to 0.96-1.51 from 1:10 to 1:100. Consequently, the massive E hosts have ∼5-6 times more satellites than the massive Sb/c down to 1:10. A difference which declines up to 4-5 times in the case 1:100. At comparing that ratio N Sat /N Host with the other samples of galaxies, we find that the S0 and Sa-types host ∼2 and 4 times less satellites, respectively than the E-types. At extending our search down to 1:100, that difference among the S0-Sa-types and ellipticals barely change.
When we restrict our satellite search up to only 100 kpc, the difference in the number of satellites among the different morphological types remains similar. As expected, the total number of satellites decreases when comparing a search radius of 300 kpc to one of 100 kpc. The decreasing factor is 2.2, 3.5, 2.1 and 4.3 for the E, S0, Sa and Sb/c-types, respectively. 
Differential number of satellites per galaxy host
We have also explored different intervals of the mass ratio satellitehost. The intervals are defined as 1:1-1:2, 1:2-1:5, 1:5-1:10, 1:10-1:20, 1:20-1:50, 1:50-1:100 and the number of satellites per host is illustrated in the right panel of the Figure 3 and Table 2 . This 'differential' test allow us to compare how is distributed the population of satellites respect to their stellar mass. Thus, the Sa and Sb/c types host similar number of satellites with stellar masses among 1:10-1:50, roughly 2 to 3 times below the abundance found around the S0-type and more than 4-5 times below the number of satellites per host found around the massive ellipticals in the same mass range. As shown in Table 2 , the number of fake satellites per host due to the background N S /N Host remains independently on the morphological type whereas the contamination due to the clustering N C /N Host is prominently larger in the elliptical case and very similar among the types S0, Sa and Sb/c.
The amount of mass surrounding the galaxy hosts
We have studied the amount of stellar mass accumulated by the satellites around our samples of massive galaxies. This is estimated down to 1:100 and as a function of their projected distances to the central galaxy. This cumulative stellar mass of the satellites is measured summing the stellar mass of all the satellites down to 1:100 in each interval of the search radius up to 300 kpc and then, substracting the amount of stellar mass in the fake satellites from the background simulations. To apply the clustering correction on the amount of stellar mass enclosed by the satellites, we estimate the amount of mass in 'satellites' in the interval 500-600 kpc using annuli with the same projected area than the ones used to study this quantity (i.e. π 50 2 -π 300 2 ). The results are illustrated in Figure 4 . E-type massive galaxies are surrounded by a factor 2 to 7 more stellar mass respect to the rest of morphological types. If we repeat this excersise using only satellites up to 100 kpc, the stellar mass accumulated for lenticulars and spirals is similar, however it is a factor of 3-5 lower than the mass collected by ellipticals. Among the early-types, the ratio of mass surrounding ellipticals to the mass surrounding lenticulars is typically placed around a factor of 2 larger. The spiral-types show a more gradual accumulation of stellar mass with radius. It is worth noting that the amount of stellar mass enclosed by the satellites of massive ellipticals is as large as the mass of the host galaxies (i.e. ∼10 11 M ⊙ ). The error bars in Figure 4 are estimated using the contribution of poissonian errors based on the number of observed satellites and the standard deviation of the average number of fake satellites found in the simulations.
The merging channel of massive galaxies
Using the previous distribution of satellites, we can speculate about the stellar mass which could be potentially transferred to the hosts due to satellite infall. Under the assumption that eventually, all the satellites surrounding our massive galaxies will infall into their massive hosts, we can estimate which satellites could, in the future, contribute most to a potential mass growth of the host galaxy. On what follows, we assume that all satellites, independently of their mass, will infall with the same speed on the central galaxy. Note, however, that this could be not necessary true, since it is theoretically expected that most massive satellites will have shorter merging timescale (e.g. Jiang et al. 2013) .
To probe the most likely merger channel what we have done is the following. We have added all the stellar mass contained by the satellites within the intervals of stellar mass studied, then, we divide this quantity by the sum of the mass of all the host galaxies, such as it indicates the following equation:
The sum of all the mass in the host galaxies is a fixed quantity for our samples of hosts and their values are 11 M ⊙ . Our results are illustrated in Figure 5 and Table 3 for each host sample, once corrected by the effects of background and clustering. Figure 5 highlights the different way the stellar mass around the massive galaxies builds up as a function of the morphological type. The merger channel is mainly produced by satellites down to 1:10 for all the host samples. The average total amount of stellar mass contained in the satellite population down to 1:10 compared to the total amount of stellar mass in the hosts to the different morphological types studied is 41.1±5.0, 25.9±7.4, 12.9±3.3, 9.68±3.6 per cent for E, S0, Sa, Sb/c-types, respectively. Down to 1:100 these values increase up to 56.0±6.2, 33.1±8.6, 15.3±3.7, 11.8±4.1 per cent of the total amount of mass contained in their hosts. These numbers indicate that the contribution of the low mass population of satellites 1:10 -1:100 to the host mass is not significant compared to the mass ratio 1:1 -1:10. We have assumed poissonian errors to estimate our error bars in the Figure 5 .
At limiting our exploration up to 100 kpc, the above results decrease notably. The satellites more massive than 1:10 are again the main contributor to the host mass. The percentage which reflects that contribution with respect to the total mass of the hosts is roughly 13.4±2.5, 2.5±1.1, 6.9±2.0, 2.1±1.5 per cent for E, S0, Sa, Sb/c-types, respectively, corresponding to the mean of background-clustering results once applied the corrections. Down Table 1 . Cumulative number of satellites per host galaxy using the background (N Sat,S /N Host ) and clustering corrections (N Sat,C /N Host ) within a radial distance of 300 kpc and down to a mass ratio satellite-host 1:100. N Obs /N Host is the observed number of satellites per host. N S /N Host is the number of satellites per host in our background simulation and N C /N Host the number of satellites per host within 500-600 kpc in our clustering analysis. The background and clustering corrections are estimated for each morphological type as it is shown in the table. to 1:100, these percentages increase up to 19.1±3.4, 4.6±1.7, 7.6±2.2, 3.1±1.9.
As we pointed out before, if the satellites eventually infall into the host galaxies, the merger channel will be largely dominated by satellites with a mass ratio below 1:10 for all morphological types. For satellites up to 300 kpc (100 kpc), this corresponds to 73.4, 78.2, 84.3 and 82.0 (70, 54, 91 and 67) per cent of the total mass enclosed by the satellites within that radial distance. The contribution of the most massive satellites is particularly important for spiraltypes, and weaker for early-types. Down to 1:10, the distribution of stellar mass of the satellites reveals that the massive ellipticals have their main contributor between the relative masses 1:5-1:10. Leaving aside the merger channel of the massive ellipticals, the mass growth of the rest of morphological types are dominated by the most massive satellites. Specially, the Sa and Sb/c massive galaxies have their growth main contributor in the merge with satellites more massive than 1:5. If the theoretical expectations are correct, and the merger timescales are shorter for the most massive satellites, this mass growth due to the larger satellites will be even more important than the result shown in Figure 5 .
DISCUSSION
The results presented in this paper attempt to establish a robust z∼0 reference for the study of the evolution of the abundance of satellites around massive galaxies with cosmic time and their dependence with host morphology. In addition, it extends the results obtained in our previous work, Ruiz et al. (2014) , in which we studied the abundance of satellites around E-type hosts using the Sloan Digital Sky Survey Data Release 7. In this paper, we have completed that results, using a deeper spectroscopic sample and studying the satellite abundances also according to their host morphology.
We have found that the abundance of satellites turns out to be significantly dependent on the morphology of the hosts for galaxies with similar stellar masses. The abundance of satellites is much higher around elliptical galaxies. The fact that Sb/c galaxies have fewer satellites around them probably helps to explain how they have maintained their disk-like structure during their lifetime. On the contrary, the large number of satellites around massive ellipticals could help to explain the characteristic large envelopes surrounding these objects that are thought to be connected with intensive accretion.
Several works have recently estimated the number of satellites in different redshift intervals around massive galaxies Table 2 . Differential number of satellites per host galaxy using the background (N Sat,S /N Host ) and clustering corrections (N Sat,C /N Host ) within a radial distance of 300 kpc and down to a mass ratio satellite-host 1:100. N Obs /N Host is the observed number of satellites per host. N S /N Host is the number of satellites per host in our background simulation and N C /N Host the number of satellites per host within 500-600 kpc in our clustering analysis. The background and clustering corrections are derived independently for each morphological type as it is shown in the table. both observationally and theoretically. Some of these previous studies have shown that the number of satellites around massive galaxies of a given mass ratio has remained constant since at least z∼2 (Jackson et al. 2010; Nierenberg et al. 2011; Man et al. 2012; Newman et al. 2012; Mármol-Queraltó et al. 2012; Quilis & Trujillo 2012; Nierenberg et al. 2013; Mármol-Queraltó et al. 2013; Huertas-Company et al. 2013; Ferreras et al. 2014) . However, those studies disagree on the exact number of satellites, being more abundant the satellites in the simulations than in the observations. In this paper, less affected by incompleteness at low stellar mass than previous works, we readdress this question and explore how the theoretical expectations compare to the observational data in the local Universe. We do this for our 4 different morphological types.
Abundance of satellites: comparison with previous works
Observations
In order to check the agreement of our results with the literature, we do a direct comparison with the abundance of satellites found by Wang & White (2012) . In their work, the authors studied the number of satellites around a large sample of isolated massive galaxies to explore the agreement with the ΛCDM scenario. In their paper, they segregated the massive galaxies not using visual morphology but colours, and estimated the abundance of satellites according to the stellar mass of the satellites instead of the mass ratio satellite-host.
To make a direct comparison with Wang & White (2012) , we also estimate the abundance of satellites according to the stellar mass instead of the mass ratio satellite-host. First, we compare our results for E-type galaxies with the ones found for their red hosts. We also confront their blue hosts with our sample of massive Sb/c galaxies. We take their sample of massive galaxies whose stellar masses ranges between 11.1<logM ⋆ <11.4, the more similar to ours (their green line in their Figure 7) . We obtain, for satellites with logM ⋆ =10, N Sat /N Host / log M ⋆ = 13-14 (ours) and 3-4 (Wang & White) and, for satellites with logM ⋆ =9.0, N Sat /N Host / log M ⋆ = 17-18 (ours) and 6-7 (Wang & White) . In contrast, when we confront our Sb/c-types with their blue massive galaxies, we obtain a better agreement. In that context we find, for satellites with logM ⋆ =10, N Sat /N Host / log M ⋆ = 2-3 (ours) and 1-2 (Wang & White) and, for satellites with logM ⋆ =9.0, N Sat /N Host / log M ⋆ = 3-7 (ours) and 2-3 (Wang & White). Note that the above difference declines mildly if we confront our early-type galaxies (E, S0) with their red primaries and our spirals (Sa, Sb/c) with their blue hosts. Thus, we obtain for E/S0, for satellites with logM ⋆ =10, N Sat /N Host / log M ⋆ = 13-9 (ours) and 3-4 (Wang & White) and, for satellites with logM ⋆ =9.0, N Sat /N Host / log M ⋆ = 11-14 (ours) and 6-7 (Wang & White) for early-type. Taking into account the late-type galaxies, N Sat /N Host / log M ⋆ = 2-3 (ours) and 1-2 (Wang & White) for satellites with logM ⋆ =10 and, for satellites with logM ⋆ =9.0, N Sat /N Host / log M ⋆ = 3-5 (ours) and 2-3 (Wang & White).
Several reasons can contribute to the significant difference found at comparing the red massive galaxies of Wang & White (2012) with our E-type galaxies. The most important is probably the environment where the samples are inmersed since their study focus only on isolated galaxies whereas we use all the galaxies. This effect is not so evident at comparing blue-massive versus Sb/ctypes or Sa-Sb/c-types since these galaxies more likely live in less crowded environments.
From the above results we highlight two different characteristics. First, the isolation criteria used in previous works probably biases the global distribution of satellites around the massive galaxies. A difference which, for early-type massive galaxies, is around a factor 2-3, taking the most moderate of our comparisons. And second, the determination of abundance of satellites using morphological criteria enhances the differences in the numbers of satellites compared to those based on segregating the samples simply by colour. This implies a stronger connection between the galaxy morphology and their number of satellites larger than a potential connection between the satellites and the stellar population of their hosts.
We can also compare our results with the recent work by (Ruiz et al. 2014 ) on the satellite populations around massive elliptical galaxies in the local universe. In that work, we studied the abundance of satellites within a radial distance of 100 kpc and selected the host samples within the redshift range 0.02-0.065. We found, after applying the contamination corrections that N Sat /N Host was between 0.24-0.28 for satellites up to 1:10 using a spectroscopic catalogue and N Sat /N Host 0.84-0.98 when we extended our search up to 1:100 using a catalogue of photometric redshifts ('photo-z'; SDSS DR7). In our new host sample of massive ellipticals, we obtain almost 2 times that values for both ratios (0.43-0.50 for 1:10 and 1.51-1.72 for 1:100) when we restrict our search radius down to R=100 kpc. This difference cannot be attributed to Table 3 . The merging channel of local massive galaxies for each morphological type. The table shows the contribution (in per cent) of the stellar mass enclosed in each satellite mass bin to the total mass confined by their hosts. We show the observed fraction (in per cent) Ψ Obs as well as their values once corrected from background Ψ Sat,S and clustering Ψ Sat,C . 
0.50-1.00 7.99 ± 2.41 7.65 ± 2.31 6.04 ± 1.82 0.20-0.50 7.68 ± 1.57 7.27 ± 1.48 1.14 ± 0.23 0.10-0. technical characteristics as the effect of the 'tiling' of SDSS at different redshifts. In fact, in our previous work, we estimated that we could approximately lose up to 25 per cent of our potential satellites due to fiber collissions, a quantity which can not explain that difference. We think that the factor of 2 difference could be related to the different elliptical samples selected in both works. In fact, the selection of E galaxies done in Ruiz et al. (2014) is based on Nair & Abraham (2010) whereas the present classification is based on our own morphological analysis. Being the galaxies in the present sample significantly closer than those in Ruiz et al. (2014) , our ability to distiguish among E and S0 could be higher. In this sense, it worth stressing that the abundance of satellites found around S0 massive galaxies for 1:10 and 1:100 is 0.15-0.17 and 0.63-0.76, respectively. If we combine the E and S0 results, for 1:10, we get ∼0.28-0.34 and 1.08-1.22 for 1:100. This is in much better agreement with our previous results (Ruiz et al. 2014 ).
Leaving aside the number of satellites found per host, we can now draw our attention to the fraction of massive galaxies with satellites found in other works at z=0, a parameter easily evaluable from our study. In this context, Liu et al. (2011) , exploring MWlike galaxies, found that only 12 per cent of those objects have at least a satellite within R=100 kpc down to 1:10 mass ratio (private communication). We have evaluated the fraction of massive host having satellites down to 1:10 in our disk-like hosts. We find ∼10 per cent once corrected from clustering and background contaminant. At segregating between the Sa and Sb/c samples, that fraction is 0.15 and 0.05, respectively. Also, we can make a comparison with Mármol-Queraltó et al. (2012) . In this work, the authors conducted a similar analysis to what we have done here but for galaxies at higher redshifts (0.2<z<2). We compare our numbers with the galaxies they classified as spheroids in their lower redshift range (0.2<z<0.75). They found that the fraction of massive galaxies with satellites around the sample and down to 1:10 is betwen 23-28 per cent. Our results for spheroids, E and S0 massive galaxies, are approximately 32 and 15 per cent, respectively. As we commented before, this comparison depend largely of the classification or grouping of the massive galaxies. A sample of spheroids with many S0 objects reduce the satellite abundance whereas a higher purity in the E-type sample increases it. We can also compare with the galaxies they classified as disk-like in the same redshift range, they find that the fraction of massive galaxies with at least a satellite was 5-9 per cent. A closer but lower value to our disk-like 9-11 per cent. However, as we mentioned before, at splitting into the morphological the types Sa and Sb/c (we obtained 15 and 5 per cent, respectively) the comparison seems to depend again on the number of members of each morphological type.
In summary, we get a reasonable agreement with the literature when we compare galaxies with disk-like morphologies, our Sa and Sb/c types. However, if we focus our comparison with the earlytype hosts, we find significantly more satellites, specially around massive ellipticals. The discrepancy with other observational works could be explained as a consequence of using isolation criteria or not (Wang & White 2012) and the mixture of E and S0 galaxies Ruiz et al. (2014) .
Theory
Quilis & Trujillo (2012) estimated, using the Millennium simulations, which was the expected fraction of massive galaxies with satellites with a mass ratio down to 1:10 and down to 1:100 within a sphere of R=100 kpc. They conducted their study exploring galaxies from z=2 to now using three different semianalytical models (Bower et al. 2006; DeLucia et al. 2007; Guo et al. 2011) . At z=0, the theoretical expectations suggested that the fraction of massive galaxies with at least a satellite down to 1:10 ranges from 0.3 to 0.4 and down to 1:100 from 0.6 to 0.7. We have studied that fraction in our work once applied the clustering corrections. E-type (0.3, 0.64), 0.40), 0.30) , Sb/c -type (0.04, 0.18) for 1:10 and 1:100, respectively. For the full sample of massive galaxies, we get 0.17-0.20 studying satellites up to 1:10 and 0.41-0.46 down to 1:100. Summarizing, the theory makes a good prediction if we compare their numbers with massive ellipticals but it obtains an important over-prediction of satellites when we extend the host sample to all our host galaxies.
It is worth stressing that this discrepancy among the theoretical and the observational results can not be explained due to the different volumes of exploration used in both works: a spatial sphere of 100 kpc in Quilis & Trujillo (2012) and a cylinder in redshift here. Because the way we have selected our galaxies in redshift, basically all the satellite galaxies in the line of sight of the host within a projected radial distance up to 100 kpc are taken. In that sense, at comparing with the Millenium simulation our number of observed satellites should be an upper limit (as they are only restricted to 100 kpc in depth). As the number of theoretical satellites is larger than observed, we can confidently claim that there is a discrepancy with our observations. Finally, a potential loss of satellites in the work by Quilis & Trujillo (2012) due to resolution effects will also increase the discrepancy between the simulations and the observations.
Mass and efficiency of the dark matter halos
Assuming that there is a link between the dark matter halo mass and the number of satellites a galaxy has (Wang & White 2012; Kawinwanichakij et al. 2014) , we can speculate how the relative abundance of satellites found in our different morphological samples are related in terms of their halo masses. For example, if we compare the combined abundance of satellites around E-and S0-types down to 1:100, with the number of satellites per host around Sb/c massive galaxies (grouping early versus late-type), we obtain a factor of 3-4 higher in the number of satellites around earlytype galaxies than late-types. This implies that on average, the dark matter halo mass of early massive galaxies could be 3 and 4 times larger than the halo masses associated to our Sb/c galaxies. We assume here that the number of satellites is approximately proportional to the dark matter halo mass (Wang & White 2012) . Wang & White (2012) also studied that difference using massive galaxies (log(M ⋆ /M ⊙ )∼11.2). In their work, they found that the red centrals had about a factor of 2 more satellites than blue centrals.
Interestingly, Mandelbaum et al. (2006) estimated the efficiency with which baryons in the halo of the galaxies have been converted into stars using a large sample of weak gravitational lenses (0.02<z<0.3), finding that the relative efficiency between late and early-type galaxies with stellar masses (see their Table  3 ) between log(M ⋆ /M ⊙ )∼11.0 and 11.3 (the mean stellar mas of our samples is log(M ⋆ /M ⊙ )∼11.15) was 2.5-4.36. If we consider a similar stellar mass for our samples and using the equation 7 of Mandelbaum et al. (2006) , we can compare our relative conversion efficiency. That range of relative efficiency late-early-types is, considering our background and clustering corrections, between 3.1 and 3.5, a value in good agreement with their results. Following the above discussion, we can claim that the halos of early-type massive galaxies are typically 3 times less efficient to convert the baryons into stars than the halos of late-type massive galaxies. A factor which rises, in our more extreme comparison to 4 at comparing the sample of ellipticals and the Sb/c-types. At extending that relative efficiency in the terms explained before, to other morphological types, we find that our massive late-spirals (Sa) are 20-21 per cent less efficient than the Sb/c ones. Within early-type ones, the massive lenticulars are a factor 2 more efficient producing stars than ellipticals ones.
It is also interesting to compare with the statistical approach carried out by Moster et al. (2010) to determine the relationship between the stellar masses of galaxies and the masses of the dark matter halos in which they reside. In their work, they estimated the average number of satellites as a function of the dark matter halo mass using a halo occupation model. The mean number of satellites is illustrated in their central panel of their Figure 10 . Under the assumption that down to 300 kpc we are taking all the satellites around our massive galaxies and, considering that our completeness is around log(M/M⊙)∼9.0 (their pointed line in their Figure 10 ), we could do a direct comparison to establish the typical halo mass associated to each one of our samples using the abundance of satellites obtained after the corrections of background and clustering. We obtain for E-type massive galaxies a halo mass M Halo ∼1.15-1.6x10 13 M ⊙ , for the S0-types M Halo ∼6.3-8.0x10 12 M ⊙ , for the Sa-types M Halo ∼2.5-4.0x10
12 M ⊙ and for Sb/c-types a halo mass M Halo ∼2.2-3.5x10 12 M ⊙ . From these data, we can conduct other interesting estimation using the average stellar mass of our samples of massive galaxies and the equation 7 from Mandelbaum et al. (2006) . This allow us to estimate again the conversion efficiency of baryons η obtained for the different morphological types E, S0, Sa and Sb/c starting from the Moster et al. (2010)'s results. We find 0.081, 0.14, 0.28 and 0.34, respectively. Interestingly, at combining (E,S0) and (Sa,Sb/c), grouping in early and late-types, we find a relative conversion efficiency of 2.80 between late and early-type galaxies. A factor very similar to the one already showed before when we compare that conversion efficiency with the Mandelbaum et al. (2006)'s work. In this context, More et al. (2011) find that the difference between halo mass of red and blue centrals is ∼0.4 dex as the stellar mass of the central is log(M ⋆ /M ⊙ )∼11.1. This difference is also computed by Kawinwanichakij et al. (2014) and Phillips et al. (2014) . They find a lower factor studying samples of quiescent and starforming massive galaxies with log(M ⋆ /M ⊙ )>10.78 (1<z<3) and log(M ⋆ /M ⊙ )∼ 10.5 (locally). Their samples of quiescent centrals had a higher median halo mass by a factor of ∼0.3 dex (factor 2). This lower factor compared to our results and the previous results found in the literature could be produced by the combination of two factors, a lower mean stellar mass of the galaxies explored, and a larger difference among the halo masses of the samples studied in the nearby Universe respect to the halo masses of the galaxies in the redshift range window of Kawinwanichakij et al. (2014) 's sample.
The main contributer to the growth of massive galaxies
There is growing consensus (see e.g. a discussion in Trujillo et al. 2011 ) that the size evolution can not be entirely explained by internal mechanisms like AGN activity (Fan et al. 2008 (Fan et al. , 2010 Ragone-Figueroa & Granato 2011) . However, it is not clear what is the relevance of major versus minor merging in the growth of the galaxies. On one hand, major mergers (e.g. Ciotti & van Albada 2001; Nipoti, Londrillo, & Ciotti 2003; Boylan-Kolchin, Ma, & Quataert 2006; Naab et al. 2007 ) seem to be very scarce (at least since z∼1; Bundy et al. 2009; deRavel et al. 2009; Wild et al. 2009; López-Sanjuan et al. 2010; Kaviraj et al. 2011) to play a major role in the growth of the galaxies. On the other hand, minor merging (favoured theoretically for its efficiency on increasing the size of the galaxies; Khochfar & Burkert 2006; Maller et al. 2006; Hopkins et al. 2009b; Naab et al. 2009 ) confronts some problems with the number of satellites found at z∼1 (e.g. Ferreras et al. 2014) .
In order to investigate the physical origin of the observed strong increase in galaxy sizes since redshift z∼2, Oser et al. (2012) led a theoretical study in which they found that the evolution of massive early-type galaxies and their present-day properties are predominantly determined by frequent minor mergers of moderate mass (1:5) and not only by major mergers. Ferreras et al. (2014) probed the merging channel of massive galaxies (M ⋆ 10 11 M ⊙ ) over the z=0.3-1.3 redshift window and down to a mass ratio satellite-host 1:100, segregating their sample into early and latetype massive galaxies (see their Figure 9 ). They found that the main contributor to the growth of the host mass is those satellites whose mass ratio satellite-host is down to 1:3 for both samples.
In contrast, we find a highlighted merger channel for the satellites with mass ratio satellite-host within 1:2-1:10 for E-type massive galaxies. Or 1:5-1:10 interval if we consider our clustering correction as the most reliable. However, the rest of morphological types have the most massive satellites as the main contributor. The growth of massive S0, Sa and Sb/c galaxies seem to be dominated by satellites more massive than 1:5 or even 1:3. In fact, if we combine the E-S0 results (grouping the early-types ones), the dominant peak observed within 1:2-1:10 for E-hosts vanishes, being the most massive satellites the preferred channel of merging for earlytype massive galaxies. Therefore, a better identification of massive ellipticals and lenticulars may be key to check whether this channel 1:5-1:10 also exists for massive ellipticals at higher redshift.
As the merger channel since z∼1 is similar to the one found here locally, the observations suggest that the mass and size increase of the elliptical massive galaxies will be dominated by satellites with mass ratio within 1:5 to 1:10 (see also López-Sanjuan et al. 2012; Ruiz et al. 2014 ) whereas other morphological types as S0, Sa and Sb/c-types seem to associate that increase to mergers with satellites with similar masses to the host. Note, however, that these statements assume that the merger timescale are independent of the mass ratio between the satellites and the host galaxies. More realistic scenarios (e.g. Jiang et al. 2013) suggest that the merger timescale rises as the mass ratio between both galaxies increases. Accordingly, the smaller satellites will take significantly more time to merge with the host galaxies than the more massive ones.
Based on this, what we can claim with some confidence is that low mass satellites with mass ratio below 1:10 would play a minor role in the mass increase of the host galaxies. They would be just very small in number to contribute to the mass growth, plus they will have very large timescales to efficiently infall into the massive galaxies. However, the small satellites could be playing a major role in the construction of the stellar halos of the galaxies (see e.g. Cooper et al. 2013) . If the theoretical expectation remains, and the merger timescales are shorter for the most massive satellites, this mass growth due to the larger satellites will be even more important than the result showed in Figure 5 .
SUMMARY AND CONCLUSIONS
In this paper we explore the abundance of satellites around 307 massive (M ⋆ 10 11 M ⊙ ) low-z (z < 0.025) galaxies divided into 4 visually classified samples as E, S0, Sa and Sb/c. Using the SDSS DR10 spectroscopic catalogue, the vicinity of our host galaxies guarantees that we can explore satellites with completeness down to M ⋆ ∼ 10 9 M ⊙ . Our satellite galaxies have been identified within a projected radial distance of 300 kpc around the central galaxy. A careful statistical analysis of the background and clustering has been applied to decontaminate the number of satellites from fake satellites. The abundance of satellites decline drastically from the E galaxies to S0, Sa and Sb/c-types showing an important dependence with the morphology of the host independently of the mass ratio satellite-host. The average number of satellites down to a mass ratio 1:100 within 300 kpc is 5.5 ± 1.4 for E hosts, 2.7 ± 0.5 for S0, 1.4 ± 0.4 for Sa and 1.2 ± 0.3 for Sb/c. These quantities decrease by a factor 3-4 down to 1:10.
Under the assumption that there is a proportionality between the number of satellites found and the dark matter halo mass, we find that the halos of massive ellipticals are less efficient than the halos of Sb/c-types converting their baryons into stars by a factor of ∼4. We need a halo 4 times more massive to create an elliptical with the same stellar mass than a Sb/c spiral. This factor decreases to ∼3 when we group our samples in early and late-type massive galaxies.
If the satellites would eventually infall into their host galaxies, the growth of massive galaxies will be dominated by satellites with a mass ratio down to 1:10. Those satellites are the main contributors to the mass enclosed by the satellites with a 73.4, 78.2, 84.3 and 82.0 per cent for E, S0, Sa, and Sb/c types, respectively down to 300 kpc. Massive ellipticals seem to be surrounded by a remarkably larger number of poor-massive satellites whereas the rest of morphological types typically merge with more massive objects. Specifically, the main contributor to the growth of massive spirals seems to be the satellites more massive than 1:5 (to the S0, Sa and Sb/c-types). To the E-hosts, the merger channel peaks within 1:5-1:10, in agreement with the 1:5 pointed by Oser et al. (2012) .
These results could be used in future works to test the ΛCDM predictions about the number of satellites surrounding the most massive galaxies in the present-day Universe according to their morphology. In addition, the results presented here show the most likely merging channel of present-day massive galaxies. Finally, our work highlights the importance of the environment where massive galaxies are inmersed and how that environment is strongly linked to the host morphology.
